Two new sesquiterpene lactones (guaianolides), 15-hydroxytaraxacin (1) and 6,8,11-epi-desacetylmatricarin (2), along with three known compounds, desacetylmatricarin (3), 11β ,13-dihydrolactucin (4), and 11β ,13-dihydrolactucopicrin (5), were isolated from the aerial parts of Cichorium intybus L.
Introduction
Cichorium intybus L., a small to medium size perennial herb, belongs to the family Asteraceae and is known as Kasini in Urdu (Pakistan) and Chicory in English [1, 2] . Traditionally, the plant is used in the treatment of fever, vomiting, diarrhea, alexiferic, liver disorder, gout, and rheumatism [3] . Previously, anthocyanins [4] , sesquiterpene lactones [5, 6] , fructans [7] , flavonoids [8] , and coumarins [9, 10] have been reported from it. To search for new natural therapeutics, the aerial parts of C. intybus were investigated. Two new (1 and 2) and three known (3 -5) sesquiterpene lactones (guainolides) were isolated and identified by spectroscopic data analyses as 15-hydroxytaraxacin (1), and 6,8,11-epi-desacetylmatricarin (2), desacetylmatricarin (3), 11β , 13-dihydrolactucin (4), and 11β ,13-dihydrolactucopicrin (5). (Fig. 1) were observed between H-3 and C-1, C-4, H-6 and C-1, C-4, C-8, H 3 -13 and C-7, C-11, C-12, H 3 -14 and C-1, C-9, C-10, and H 2 -15 and C-4. The COSY spectrum showed long range correlations between H-3 and H 2 -15, H 3 -13 and H-6, H-8, and H 3 -14 and H 2 -9 in addition to vicinal correlations (Fig. 2) . The 1 H and 13 C NMR chemical shift assignments of compound 1 (Table 1) (Fig. 1) . They seem to be wrongly reported as δ C = 143.7/143.4 for C-4 and δ C = 161.5/160.6 for C-5 in taraxacin and related compounds [11] . The 1 H and 13 C NMR chemical shifts of CH-8 and CH 2 -9, the coupling constants of H-8, H-9a and H-9b, as well as the negative optical rotation were found to be similar to those of taraxacin [11] , which consequently supported an R configuration at C-8 as in taraxacin. Finally, the structure of 1 was established as 15-hydroxytaraxacin.
Results and Discussion
Compound 2 was obtained as a colorless crystalline solid. The molecular formula, C 15 The 1 H and 13 C NMR chemical shifts were assigned based on COSY, HMQC, and HMBC spectra (Fig. 1) . Compound 2 and desacetylmatricarin (3) [12] exhibit the same planar structure and similar 1 H NMR spectral data. However, the NOESY spectrum of 2 did not support the stereochemistry of desacetylmatricarin (3) [12] . The NOESY interactions between H-5 and H-6, H-7, H-9a, H-6 and H-5, H-7, H-8, H-11, H-7 and H-5, H-6, H-8, H-9a, H-11, and H-8 and H-6, H-7, H-11, H 3 -15 in 2 (Fig. 2) imply that the protons at all stereogenic centers were oriented in the same plane. The carbon resonance of C-8 was shifted about 6 ppm downfield in 2 compared to the one in desacetylmatricarin (3) ( Table 1) [12] suggesting an α-orientation of H-8 in 2 rather than a β -orientation in 3. The protons at other chiral carbons were according assigned to be α-oriented. In summary, the structure of 2 was elucidated as 6,8,11-epi-desacetylmatricarin.
The known compounds were identified as 11β , 13-dihydrolactucin [13] , 11β ,13-dihydrolactucopicrin [14] , and desacetylmatricarin [12] via comparison of their spectral data with those reported earlier.
The isolated compounds were evaluated for antiproliferative effects against two tumor cell lines, PC-3 (prostate cancer cell), and Hela (cervical cancer cell) using the MTT assay [15, 16] and were found to be inactive (IC 50 > 30 µ M) in contrast to doxorubicin (IC 50 = 0.912 ± 0.12 µ M).
Experimental Section

General
Column chromatography (CC) and vacuum liquid chromatography (VLC) were performed on silica gel (70 -230 mesh, E. Merck). Thick layer chromatography was performed on pre-coated silica gel GF 254 preparative plates (20 × 20, 0.5 mm, E. Merck). NMR spectra were recorded on Bruker AM-300, AM-400, and AMX-500 spectrometers. UV and IR spectra were recorded on Hitachi U-3200 and Shimadzu FTIR-8900 spectrometers. Optical rotations were measured on a Glan-Taylor Prism instrument. El-MS and HR-EI-MS were obtained on Finnigan MAT-112 and MAT-113 spectrometers.
Plant material
The plant material was collected from Gilgit, Pakistan in July, 2007 and identified by the taxonomist at the Department of Botany, University of Karachi, where a voucher specimen (No. 1036, general herbarium # 71320) was deposited.
Extraction and isolation
The powder of shade-dried aerial parts of Cichorium intybus (9.5 kg) was soaked in 95 % EtOH (30 L) for 7 d. The solvent was evaporated under reduced pressure. The extract (418 g) was suspended in dist. H 2 O and extracted with
